Introduction {#S0001}
============

Chronic obstructive pulmonary disease (COPD) is a systemic disease associated with small airway obstruction that is not fully reversible after inhaled bronchodilators[@CIT0001] Patients with COPD not only frequently have multiple comorbidities[@CIT0002]--[@CIT0005] including diabetes, dyslipidemia, cardiovascular disease, and cerebrovascular disease but also have an increased risk of developing dementia, cardiovascular and cerebrovascular disease. A previous study[@CIT0006] also showed that COPD increased the risk of dementia due to hypoxia, associated comorbidities, aging or low cerebral perfusion.

These inflammatory reactions not only damage brain cells but also impact vascular structures throughout the body and lead to vascular diseases, such as cardiovascular disease and cerebrovascular disease. Terzikhan, et al[@CIT0007] found that patients with COPD have an almost doubled risk of PAOD but that PAOD does not increase mortality. Tschopp, et al[@CIT0008] suggest that screening for PAOD using the ankle-brachial index should be performed for every smoker with confirmed COPD. To our knowledge, there is no national population-based epidemiology study regarding the incidence of peripheral arterial occlusive disease (PAOD) in patients with COPD. The aim of our study was to investigate the incidence of PAOD among patients with COPD.

Methods {#S0002}
=======

Ethics statement {#S0002-S2001}
----------------

This research was approved by the Institutional Review Board (IRB) of the Chi Mei Medical Center, Taiwan (IRB no. 10,705-E02). Informed consent was waived by the approving IRB. Before further analysis, all personal related information was deidentified from the dataset with strict anonymity.

Data sources {#S0002-S2002}
------------

In March 1995, the Taiwan Ministry of Health and Welfare launched a single-payer health care plan, the National Health Insurance (NHI) program, with nationwide coverage. The NHI includes 97% of the healthcare providers and covers approximately 99% of the total Taiwanese population of 23 million. The NHI Research Database (NHIRD) was developed by the National Health Research Institutes and released for research purposes. The NHIRD is one of the largest-scale administrative health care databases worldwide. This database contains all the inpatient and outpatient registration and claims data from the NHI program. The database is used to collect patients' demographic characteristics, disease/diagnostic and surgery/operation codes (based on the International Classification of Diseases, Ninth Revision, Clinical Modification \[ICD-9-CM\]), prescription data, and medical expenditures. In this research, we analyzed the longitudinally linked NHIRD dataset, which consists of a cohort of 1,000,000 randomly selected enrollees who were followed retrospectively from 1996 to 2010. The personal information of individuals in the dataset was deidentified, and there were no statistically significant differences in age, sex, and health care cost distributions among the selected subjects.

Patients {#S0002-S2003}
--------

The study group comprised patients who received a diagnosis of COPD (ICD-9-CM codes 490--492, and 496) between January 1, 2003, and December 31, 2009. To ensure a qualified COPD patient, the subjects with COPD had to have at least three outpatient visits or one inpatient admission with a main diagnosis of COPD recorded in the NHIRD records. The earliest date of the third visit or admission was designated as the index date to estimate the risk of PAOD. In total, 72,456 qualified patients who had COPD were preliminarily retrieved before exclusion filtering ([Figure 1](#F0001){ref-type="fig"}). Patients who were younger than 40 years, had PAOD before the index date or had incomplete records were excluded from this study.Figure 1Flowchart of subject enrollment.**Abbreviations:** COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial occlusive disease.

Propensity score matching {#S0002-S2004}
-------------------------

The potential control subjects were randomly identified from hospitalized patients without COPD in the database. For each patient in the COPD group, a matched control was used by applying propensity score matching considering baseline differences between COPD and non-COPD patients. The propensity score was estimated from a probability function based on a multivariable logistic regression model to ensure the similarity of baseline characteristics and reduce selection bias with covariates between the COPD and non-COPD groups.[@CIT0004] Covariates included age, sex, atrial fibrillation, hypertension, diabetes, hyperlipidemia, cerebrovascular accidents and chronic liver disease. The control subjects were matched and selected with a propensity score ±0.05 standard deviation at a 1:1 ratio. The standardized difference was used to evaluate the balance between COPD and matched without-COPD subjects. The values between −0.1 and 0.1 are considered to indicate successful propensity matching.[@CIT0009]

Outcomes and comorbidities {#S0002-S2005}
--------------------------

PAOD mainly caused by arteriosclerosis is a chronic disease of the arteries. To estimate the risk of PAOD, the patients were followed until PAOD occurred (ICD-9-CM code 510), death occurred, the patient withdrew from the NHI, or the end of 2010. Comorbidities including atrial fibrillation, hypertension, diabetes, hyperlipidemia, cerebrovascular accidents and chronic liver disease were identified within 1 year before the index date according to ICD-9-CM codes from the outpatient and inpatient records.

Statistical analysis {#S0002-S2006}
--------------------

Demographic and comorbidity variables for patients in the COPD or non-COPD groups were expressed as frequencies (percentages) or the mean (± standard deviation, SD) and compared using the chi-square test and Student's *t*-test. The demographic characteristics included sex and age (stratification in subgroups from 40--49, 50--59, 60--69 and older than 70 years). Cumulative incidence curves for PAOD were plotted using the Kaplan--Meier method, and the differences in these curves among the COPD and non-COPD groups were tested by the log-rank test. The incidence rate of PAOD was estimated using the total number of PAOD events divided by the total follow-up period (per 10,000 person-years). A Cox proportional hazards model was used to measure the main effect of comorbidities of COPD patients on the time to PAOD occurrence. Hazard ratios (HRs) and their 95% confidence intervals (CIs) were estimated by Cox regression. Variables with significant values in the univariable model were further examined in the Cox regression model. All statistical tests were two-sided, and a *P*-value of 0.05 was considered indicative of significance. The statistical analyses were performed using SPSS (version 15, SPSS Inc., Chicago, IL, USA).

Results {#S0003}
=======

Patient characteristics {#S0003-S2001}
-----------------------

A total of 51,869 eligible patients with COPD were identified for inclusion in the study group ([Figure 1](#F0001){ref-type="fig"}). Propensity scores were calculated as covariate variables associated with PAOD for all patients. After propensity score matching, the control (non-COPD) group comprised 51,869 comparable patients. The study group consisted of 3155 (6.1%) patients with PAOD, and the control group included 2937 (5.7%) patients ([Table 1](#T0001){ref-type="table"}). The comparisons of basic characteristics between these two groups (COPD vs non-COPD) are shown in [Table 1](#T0001){ref-type="table"}. The variables of age, sex and comorbidities were evenly distributed among the two groups, thereby increasing the between-group comparability.Table 1Demographic characteristics and comorbidities of patients with and without COPDVariablesCOPDnon-COPD*P*-valueStandardized difference(n=51,869)(n=51,869)**Age, years** 40--498954(17.3)9177(17.7)\<0.001- 50--5910,813(20.8)10,648(20.5)- 60--6912,453(24)12,422(24)- ≥7019,649(37.9)19,622(37.8)- Mean (±SD)64.3(12.8)64.3(13.1)0.580.003**Sex** Male29,206(56.3)28,612(55.2)\<0.0010.023 Female22,663(43.7)23,257(44.8)**Comorbidities** Atrial fibrillation3253(6.3)3490(6.7)0.0030.019 Hypertension35,607(68.6)35,489(68.4)0.430.005 Diabetes18,157(35)18,084(34.9)0.6350.003 Hyperlipidemia23,151(44.6)23,421(45.1)0.0930.01 Cerebrovascular accident17,002(32.8)17,150(33.1)0.3310.006 Liver cirrhosis16,428(31.7)16,728(32.3)0.0460.012**Result** PAOD3155(6.1%)2937(5.7%)0.004-[^1]

Incidence of PAOD {#S0003-S2002}
-----------------

As shown in [Table 2](#T0002){ref-type="table"}, the overall incidence rate of PAOD was higher in the COPD group than in the non-COPD group (107.8 vs 85.97 per 10^4^ person-years). The adjusted HR (aHR, 1.23; 95% CI, 1.17--1.29; *P*\<0.001) of PAOD indicated that the risk of PAOD was 1.23-fold higher in COPD patients than in non-COPD patients. This relationship was further estimated by examining the association between age, sex, and comorbidities. In the COPD group, the age-stratified incidence rates of PAOD increased by age (49.75, 81.78, 121.35 and 139.73 for the age groups of 40--49, 50--59, 60--69 and older than 70 years, respectively). These incidence rates in the COPD group were also significantly higher than those in the non-COPD group. In the Cox regression analysis, age, sex, and comorbidities were associated with higher risks of PAOD in the COPD group than in the non-COPD group ([Table 2](#T0002){ref-type="table"}). For example, for patients with chronic liver disease, the aHR of PAOD in the COPD group was 1.22 (95% CI, 1.12--1.32; *P*\<0.001) times that in the non-COPD group.Table 2Incidence of PAOD in patients with and without COPDCharacteristicsCOPD (51,869)non-COPD (51,869)aHR (95% CI)*P*EventTFP(PY)IREventTFP(PY)IR**PAOD**3155292,658.36107.802937341,645.6485.971.23(1.17--1.29)\<0.001**Age** 40--4925451,052.5249.7521361,086.7734.871.4(1.16--1.679)\<0.001 50--5948659,428.3381.7843369,975.1961.881.28(1.12--1.45)\<0.001 60--6986771,449.14121.3575782,415.7491.851.27(1.15--1.4)\<0.001 70 and above1548110,786.74139.731534128,183.73119.671.12(1.05--1.21)0.001**Sex** Male1776165,561.41107.271474187,627.2578.561.32(1.23--1.41)\<0.001 Female1379127,096.95108.501463154,018.3994.991.1(1.02--1.18)0.016**Comorbidities**Atrial fibrillation Yes29019,913.61145.6332823,630.81138.801.01(0.864--1.19)0.863 No2865272,744.74105.042609318,014.8382.041.23(1.17--1.3)\<0.001Hypertension Yes2695213,140.79126.442567246,203.65104.261.18(1.11--1.24)\<0.001 No46079,517.5757.8537095,44238.771.36(1.19--1.55)\<0.001Diabetes Yes1556105,695.85147.211544121,340.29127.251.13(1.05--1.21)0.001 No1599186,962.585.531393220,305.3663.231.29(1.2--1.38)\<0.001Hyperlipidemia Yes1840136,483.76134.811780160,303.29111.041.18(1.11--1.27)\<0.001 No1315156,174.684.201157181,342.3563.801.25(1.16--1.35)\<0.001Cerebrovascular accident Yes1574100,691.31156.321598116,196.93137.531.1(1.02--1.18)0.007 No1581191,967.0482.361339225,448.7159.391.33(1.24--1.43)\<0.001Liver cirrhosis Yes125292,968.47134.671213119,570.64101.451.22(1.12--1.32)\<0.001 No1903199,689.8995.301724222,07577.631.2(1.13--1.28)\<0.001[^2]

Comorbidities associated with PAOD {#S0003-S2003}
----------------------------------

The associations between comorbidities and PAOD among COPD patients were further investigated ([Table 3](#T0003){ref-type="table"}). The baseline group (n=55,136) comprised COPD patients with no comorbidities compared with those with various comorbidities. A significantly increased risk of PAOD was found in patients with atrial fibrillation alone (aHR, 3.67; *P*\<0.001), hypertension alone (aHR, 2.05; *P*\<0.001), diabetes alone (aHR, 2.62; *P*\<0.001) and cerebrovascular accidents alone (aHR, 2.05; *P*\<0.001). These significant aHRs increased (from 3.7 to 4.9) as the number of comorbidities increased (from ≥1 to ≥3 comorbidities).Table 3Impact of comorbidities on PAOD among COPD patients (n=55,136)ComorbidityNumber (%)EventaHR (95% CI)*P*-valueNo comorbidity7154(13.8)129Atrial fibrillation only187(0.4)102.99(1.57--5.7)0.001Hypertension only5755(11.1)2091.98(1.59--2.5)\<0.001Diabetes only710(1.4)272.07(1.37--3.14)0.001Hyperlipidemia only1827(3.5)421.28(0.9--1.81)0.165Cerebrovascular accident only1048(2.0)331.71(1.17--2.5)0.006Cirrhosis only1792(3.5)441.36(0.96--1.91)0.082Ischemic heart disease only966(1.9)342.19(1.48--3.24)\<0.001≥1 comorbidity44,715(86.2)30263.7(3.1--4.41)\<0.001≥2 comorbidities34,667(66.8)26824.22(3.53--5.04)\<0.001≥3 comorbidities21,907(42.2)19634.9(4.01--5.85)\<0.001[^3]

Cumulative incidence rates of PAOD {#S0003-S2004}
----------------------------------

Cumulative incidence curves estimating the occurrence of PAOD over time showed significant differences (*P*\<0.05 with the log-rank test) between the COPD and non-COPD groups ([Figure 2](#F0002){ref-type="fig"}). In [Figure 3](#F0003){ref-type="fig"}, COPD patients with comorbid atrial fibrillation alone had a significantly higher risk of PAOD than COPD patients with no comorbidities and non-COPD patients with comorbid diabetes alone (*P*\<0.05 with the log-rank test). Similar cumulative incidence curves of higher risk of PAOD were also found for COPD patients with only comorbid atrial fibrillation ([Figure 4](#F0004){ref-type="fig"}), only hypertension ([Figure 5](#F0005){ref-type="fig"}), only diabetes ([Figure 6](#F0006){ref-type="fig"}) and only cerebrovascular accident ([Figure 7](#F0007){ref-type="fig"}) when compared not only to COPD patients with no comorbidity but also without-COPD patients with only comorbid diabetes (*P*\<0.05, by log-rank test).Figure 2Forest plot portraying the adjusted hazard ratio (aHR) and 95% confidence interval of the association between chronic obstructive pulmonary disease (with vs without) and peripheral arterial occlusion disease (occurred vs not occurred) in relation to having or not having comorbidities (yes vs no).Figure 3Cumulative incidence of peripheral arterial occlusion disease in patients with and without chronic obstructive pulmonary disease (COPD).Figure 4Cumulative incidence of peripheral arterial occlusion disease in patients with atrial fibrillation.**Abbreviations:** COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial occlusive disease.Figure 5Cumulative incidence of peripheral arterial occlusion disease in patients with hypertension.**Abbreviations:** COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial occlusive disease.Figure 6Cumulative incidence of peripheral arterial occlusion disease in patients with diabetes.**Abbreviations:** COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial occlusive disease.Figure 7Cumulative incidence of peripheral arterial occlusion disease in patients with cerebrovascular accident.**Abbreviations:** COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial occlusive disease.

Discussion {#S0004}
==========

Incidence of PAOD among COPD patients {#S0004-S2001}
-------------------------------------

To our knowledge, this national population-based study is the first to compare the risk of PAOD between COPD and non-COPD patients. In our study, we found that COPD increased the risk of PAOD with an aHR of 1.23 (95% CI=1.17--1.29). The risk of PAOD was significantly higher in all age groups of patients with COPD than among those without COPD, and the risk of PAOD was increased in young patients with COPD, particularly those between 40 and 49 years old. In addition, the risk of PAOD was higher in male patients with COPD than in male patients without COPD. Among all COPD patients, those with any one type of comorbidity, including hypertension, diabetes, atrial fibrillation, and cerebrovascular accidents, had a higher risk of PAOD. The more comorbidities that were present, the higher the risk of PAOD was.

Houben-Wilke et al[@CIT0010] also published a study to evaluate their association. Approximately 9% of COPD patients were diagnosed with PAOD, which is higher than the prevalence in patients without COPD. PAOD was associated with a decline in lung function and health status.

COPD and PAOD are an important topic, and Houben-Wilke et al[@CIT0010] and Terzikhan et al[@CIT0007] also published studies evaluating their association. However, unlike these studies, our study group comprised only Asian COPD patients. Furthermore, our study is a national population-based study that enrolled COPD patients at all stages in Taiwan, and we evaluated the incidence of PAOD in patients with COPD and the risk of PAOD associated with comorbidities including atrial fibrillation, hypertension, diabetes, hyperlipidemia, cerebrovascular accidents and chronic liver disease.

Prevalence of PAOD among COPD patients {#S0004-S2002}
--------------------------------------

Lin et al.[@CIT0011] conducted a prospective cross-sectional study in a single hospital in Taiwan and enrolled 427 COPD patients with a mean age of 70.0 years. These COPD patients had no PAOD symptoms, and the ankle-brachial index was used to detect PAOD. Notably, most of the enrolled patients with COPD were male (97.5%). The overall prevalence of asymptomatic PAOD was 8%, which was lower in COPD patients younger than 65 years (2.5%) and higher in COPD patients 65 years and older (10%). COPD patients with PAOD more frequently had comorbidities of hypertension and dyslipidemia than those without peripheral arterial disease, but there was no significant difference in pulmonary function. After multivariate logistic regression, the strongest independent risk factor for PAOD was dyslipidemia, followed by older age and hypertension. Unlike the study by Lin et al, our study was a retrospective national survey based on patients' symptoms and signs and a clinical diagnosis. We showed that the incidence rate of PAOD among COPD patients was 107.8 per 10,000 person-years. Moreover, we found that younger COPD patients had a higher risk of PAOD than non-COPD patients. The percentage of patients with hypertension, diabetes and dyslipidemia was higher in our group than in their group, and the risk factors for PAOD included hypertension, diabetes, atrial fibrillation, dyslipidemia, and cerebrovascular accidents.

Previous studies that explore the prevalence of PAOD in patients with COPD are available in the literature.[@CIT0011]--[@CIT0015] The first study[@CIT0012] was in France, and the authors surveyed 151 COPD patients with moderate-to-severe disease. They showed that the prevalence of peripheral arterial disease based on the ankle-brachial index \<0.9 was 81.4%, which is very high compared to studies by Blum et al.[@CIT0013] and Pecci et al.[@CIT0014] who reported a prevalence of PAOD ranging from 30% to 40%. The difference in the prevalence of PAOD may be due to the group characteristics. Lin et al.[@CIT0011] enrolled a COPD group with fewer comorbidities, including diabetes, hypertension and dyslipidemia, than the group included in another study.

Previous studies have shown the association between ischemic heart disease and COPD, and these diseases have mutual influence. Many factors such systemic inflammation, hypoxia, endothelial and platelet dysfunction not only interact with the development of ischemic heart disease but also influence PAOD.[@CIT0016] The current study showed that patients with acute coronary syndrome and COPD have increased endothelial dysfunction and platelet reactivity; the platelet aggregation inhibitor Ticagrelor, an antagonist of the P2Y12 receptor in platelets, can improve endothelial and platelet function. The pathogenesis may contribute to PAOD in patients with COPD.[@CIT0017]

Pulmonary function and PAOD {#S0004-S2003}
---------------------------

There is still controversy about pulmonary function, smoking and PAOD.

Pecci et al.[@CIT0014] showed that pulmonary function was associated with PAOD; however, they did not include multiple variables, such as hypertension, diabetes, and dyslipidemia, in a logistic regression analysis. Lin et al.[@CIT0011] did not find an association between pulmonary function and PAOD. In a study by Houben-Wilke et al.,[@CIT0010] the risk of PAOD among COPD patients was not associated with GOLD stage I-IV (approximately 5.1%, 7.4%, 11.1%, and 9.5% of patients had GOLD stage I, II, III and IV disease, respectively). Our database lacked data on pulmonary function; thus, further large-scale investigations are needed to confirm the association between pulmonary function and PAOD.

Smoking and PAOD {#S0004-S2004}
----------------

Smoking is one of the most important risk factors for COPD, cardiovascular disease and cerebrovascular disease. In the study by Blum et al, smoking status was not significantly different between COPD patients with and without PAOD. Lin et al found that smoking is a risk factor for PAOD. Unfortunately, our database also lacked data regarding smoking status in COPD patients. Tschopp et al[@CIT0008] enrolled 81 COPD patients and showed a significant association between COPD and PAOD. They suggested screening every smoker with confirmed COPD for PAOD. Houben-Wilke et al[@CIT0010] enrolled 2,088 patients with COPD, and among 184 COPD patients with PAOD, PAOD was associated with old age, current smoking status, dyslipidemia, hypertension, and diabetes, which are also risk factors for cardiovascular disease.

PAOD and prognosis {#S0004-S2005}
------------------

From a database, Willey et al[@CIT0015] enrolled 175,865 veteran patients with newly diagnosed PAOD who had a mean age of 69.9 years; 97.8% of these patients were male. Among these patients, approximately 77% had hypertension, 46.5% had diabetes, and 23% had COPD. The authors found that patients with COPD had a high prevalence of comorbidities and a higher risk of mortality and limb loss. Our study showed that COPD patients with PAOD also had a high prevalence of comorbid diseases, such as diabetes, hypertension and dyslipidemia. PAOD is associated with high morbidity and represents a prospective signal of cardiovascular morbidity and mortality.[@CIT0016],[@CIT0017] Additionally, asymptomatic PAOD decreased walking endurance in patients with COPD.[@CIT0012] Therefore, early identification of asymptomatic PAOD among patients with COPD and early treatment may alleviate exercise intolerance.

Coexistent COPD and PAOD may lead to a poorer prognosis, and whether early interventions can delay disease progression and improve outcomes needs further study.

PAOD and inflammation {#S0004-S2006}
---------------------

PAOD is a common manifestation of atherosclerosis. Evidence has shown that PAOD results from cholesterol accumulation and inflammatory cell and cytokine cross-talk between T lymphocytes and macrophages via interferon-γ, lymphotoxin, and tumor necrosis factor-α; furthermore, PAOD controls plaque biology that induces the thrombotic consequence of atherosclerosis in endothelial cells and smooth muscle cells.[@CIT0018] COPD and atherosclerosis are both systemic inflammatory diseases. Notably, COPD is a common comorbid disease in patients with atherosclerotic artery disease, and each disease influences the other.[@CIT0019] Thus, there are several good reasons to believe that COPD not only is associated with PAOD but also is an independent risk factor for PAOD.

Limitations {#S0004-S2007}
-----------

There are some limitations to our study. Our database lacks laboratory data, such as pulmonary function tests and ankle-brachial index values. We also lack data from the Modified Medical Research Council (mMRC) Dyspnea Scale to stratify the severity of dyspnea in COPD patients as well as body mass index and smoking status data in patients. The diagnosis of COPD is based on spirometry data, and that of PAOD is based on the ankle-brachial index. ICD codes could be misinterpreted. Thus, some of our included cases could have been misdiagnosed. However, this study enrolled patients with COPD at all stages in Taiwan; thus, the results can be applied to the general COPD group.

We used propensity score matching for comorbidities, including diabetes, hypertension, and dyslipidemia, to adjust for the influence of body mass index.

Conclusion {#S0005}
==========

Our study demonstrated that patients with COPD had a higher risk of developing PAOD compared with patients without COPD. The risk factors for PAOD in COPD included diabetes, hypertension, atrial fibrillation, dyslipidemia, and cerebrovascular accidents. Physicians should consider the possibility of PAOD when following COPD patients with these comorbidities, and prompt examination is important for documentation of this disease in COPD patients.
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[^1]: **Abbreviations:** COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial occlusion disease; SD, standard deviation.

[^2]: **Abbreviations:** COPD, chronic obstructive pulmonary disease; TFP, total follow-up period; PY, per 10,000 person-years; IR, incident rate per 10,000 person-years; aHR, adjusted hazard ratio; PAOD, peripheral arterial occlusive disease.

[^3]: **Abbreviations:** IR, incident rate of empyema (Event/Number); aHR, adjusted hazard ratio; COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial occlusive disease.
